mental, developmental, and genetic factors control the transition of the axillary bud from dormancy to activity, with many of these effects being mediated by plant hormones. Most of the known hormone families have been shown to influence shoot branching in some way. 
Introduction
Results and Discussion A unique feature of plant development is the ability to In a screen for mutants with increased branching, we alter body plan in response to environmental conditions. recovered nine alleles at the MAX3 locus, all in the CoAs in animal development, the primary body axis of lumbia (Col) genetic background and all of which are plants is laid down during embryogenesis. This includes recessive. Eight of these were recovered from the the establishment of the shoot apical meristem at one AMAZE high copy number autonomous transposon tagend, which gives rise to the shoot system, and a root ging population [12] and one was from an Ethyl Methaneapical meristem at the opposite end, which gives rise sulphonate (EMS) mutagenized population [5] . Allelic to the root system. Postembryonically, the meristems differences were found to be small (data not shown), elaborate this basic axis, but in addition, secondary merand so the EMS-induced allele, max3-9, was selected istems arise in both the root and shoot, establishing for detailed characterization after three rounds of backnew axes that give rise to lateral branches. It is the crossing to wild-type. Like the other max mutants [5, ability to produce lateral branches that gives plants their 7], max3 homozygous plants have a bushy appearance spectacular plasticity of form.
( Figure 1A ) due to increased second order branches In the shoot, lateral branches arise from secondary (those arising from the axils of leaves made by the prishoot apical meristems laid down in the axils of leaves. mary shoot) growing from the rosette (the leaves proAxillary meristems can either remain dormant or activate duced on the very short vegetative stem) ( Figure 1B also increased ( Figure 1B) . Similar to the other max mu- tants, max3 plants are only 80% wild-type height at amino acid. The phenotype of the mutant, designated max3-10, is identical to the previously described max maturity (398 Ϯ 10 mm versus 496 Ϯ 9.5 mm), and their leaves and petioles are shorter than wild-type (Figmutants . Thus, the branching phenotype is associated with four independent mutations in the MAX3/CCD7 ure 1C).
None of the transposon-induced alleles appeared to gene in two ecotypes. To confirm that the phenotype is linked to expression be tagged (data not shown). Thus, to characterize the MAX3 gene at a molecular level, we isolated it using a of CCD7, the CCD7/MAX3 cDNA was amplified by RT-PCR from RNA extracted from Arabidopsis seedlings map-based strategy. An into the max3-9 mutant background by Agrobacteriumand/or the product of its action is highly active and required for branch inhibition. mediated transformation. In four independent T1 plants, the max3 mutant phenotype was restored to wild-type, Both auxin and ABA have been previously proposed to have roles in inhibiting lateral bud growth and both with restoration cosegregating with the T-DNA in the T2 generation (data not shown). This result confirms that are transported over long distances [3, 15]. Furthermore, related members of the CCD gene family are known to MAX3 is CCD7 and that the amplified cDNA is fully functional in planta. Interestingly, no obvious novel phenohave an essential role in ABA synthesis [16] . Therefore, the levels of the auxin indole-3-acetic acid (IAA) and types were observed as a result of 35S-driven expression of MAX3 (data not shown), suggesting that MAX3 ABA were measured in the T-DNA knockout line max3-10. Levels of IAA were slightly higher in the mutant, but transcription is not rate limiting in branch inhibition. It is, of course, possible that MAX3 translation, protein the differences were not significant (wt, 10.9 Ϯ 0.67 ng/g FW; max3-10, 14.1 Ϯ 2.27 ng/g FW). ABA levels were stability, enzyme activity, etc., are rate limiting.
We have previously shown that wild-type roots grafted slightly reduced in the mutant, but again, the differences were not significant (wt, 8.7 Ϯ 0.54 ng/g FW; max3-10, to max3 shoots can restore wild-type shoot branching patterns, suggesting that the MAX3 gene is required for 7.3 Ϯ 0.59 ng/g FW). Thus, loss of MAX3/CCD7 function does not significantly alter the levels of IAA or ABA production of a graft-transmissible inhibitor of shoot branching [6]. Wild-type shoots grafted to max3 roots in vivo, suggesting that a novel signal is involved. also have a wild-type shoot phenotype, indicating that the inhibitor is also produced in the shoots. Consistent with this prediction, MAX3 transcripts were detected in all tissues examined ( Figure 3A) . The levels of expression were generally very low, with the highest levels being in root tissue. To investigate further the requirement for MAX3 transcription in the inhibition of branching, we performed interstock grafts in which a small wild-type hypocotyl segment, marked with the ␤-glucuronidase Interstock grafts were constructed using a variation on the simple 100-120 mol/m Ϫ2 /s Ϫ1 ) at 24ЊC. Branch number, height, and leaf graft method [6]. Sterile seed was sown on ATS and grown for 5 development analysis was performed on soil-grown plants. Classifidays. The rootstock was then prepared by cutting using a Wilkinson cation of branches was as described [26] .
sword "Classic" double-sided razor blade approximately half-way along the hypocotyl and removing the top of the plant. A silicon collar was then placed over the rootstock. An interstock-donor was Sequencing max3 Alleles then prepared by cutting a seedling in the lower half of the hypocotyl. Genomic DNA was extracted from leaves and amplified for sequencThe top half of this plant was then inserted into the silicon collar so ing using two primer combinations CAGCCACGTATGACGTATCCA/ that it did not touch the rootstock. The top of the interstock was then CTCCATAAGCGTTTCCGGAGT and TCTTTGCCAACCGAGTCAA/ removed by cutting at the top of the collar so that the cotyledons and ACGTTATGAGCCCCATGAAGA. DNA was gel purified using a Qiatop of the hypocotyl could be removed. The scion was then prepared gen QIAquick gel extraction kit. Sequencing was performed by the as for simple grafts and used to push the interstock into the collar University of York sequencing service using the following primers. plants.
Cloning of CCD7
The CCD7 cDNA was obtained by a two-step RT-PCR reaction with Chloroplast Import In vitro transcription and translation was performed using the cou-RNA from Columbia tissue. Advantage RT-for-PCR reagents (BD Biosciences Clontech, Palo Alto, CA) were used according to the pled transcription/translation (TNT) rabbit reticulocyte lysate system by Promega as specified by the manufacturer. A total of 6 g plasmid manufacturer, and CCD7 was amplified from cDNA using the following primers: 5Ј-CACCATGGCGGAGAAACTCAGTGATGGCAG-3Ј, 5Ј-DNA was used in a 100 l reaction volume. SP6 polymerase was used to transcribe CCD7 from CCD7pSP6-PolyA. Translation prod-TTATATAAGAGTTTGTTCCTGGAGTTGTTCCTGTGAATACC-3Ј. Full-length cDNA was maintained in either the pCR-BluntII-TOPO ucts were labeled with [ 3 H]leucine. Reactions were incubated for 30 min at 25ЊC. A 2 l aliquot of TNT reaction products was set aside vector or the pENTRD vector (both from Invitrogen, Carlsbad, CA) and sequenced. The sequence matched that of the annotated and the remaining reaction mix was used for import into the chloroplast. gene in GenBank AC007659. CCD7 cDNA was transferred from CCD7pENTRD to pDESTOE (see below) for overexpression by rePea chloroplasts were isolated and import assays were performed
